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Condensation: Urinary congophilia is present in women with preeclampsia, women with chronic kidney disease and non-pregnant women with lupus nephritis.
Short version of the article title:
Congophilia, preeclampsia and renal disease. proposed as a test for diagnosis and prediction of preeclampsia.
Objectives
To determine whether urine congophilia is present in a cohort of women with preeclampsia and in pregnant and non-pregnant women with renal disease.
Study design
Using a Preeclampsia, Chronic Hypertension, renal disease and Systemic lupus erythematosus cohort, urine samples were analysed from healthy pregnant controls (n=31), pregnant women with preeclampsia (n=23), gestational hypertension (n=10), chronic hypertension (n=14), chronic kidney disease; n=28), chronic kidney disease with superimposed preeclampsia (n=5) and those with chronic hypertension and superimposed preeclampsia (n=12). Samples from non-pregnant controls (n=10) and non-pregnant women with either systemic lupus erythematosus with (n=25) and without lupus nephritis (n=14) were analysed.
For each sample, protein concentration was standardised before mixing with Congo Red, spotting to nitrocellulose membrane and rinsing with methanol. The optical density of the M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
residual Congo Red stain was determined, Congo red retention calculated and groups compared with Mann-Whitney test or Kruskal-Wallis Analysis of Variance test as appropriate.
Results
Congophilia was increased in urine from women with preeclampsia (median Congo red retention 47% [interquartile range ]) compared to healthy pregnant controls (Congo red retention 16% [13] [14] [15] [16] [17] [18] [19] [20] [21] ; p=0.002), women with gestational hypertension (Congo red retention 20% [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] ; p=0.008) or to women with chronic hypertension (Congo red retention 17% [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] ; p=0.01). There were no differences in Congo red retention between pregnant women with chronic hypertension and normal pregnant controls (Congo red retention 17% [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] vs. 16 [13] [14] [15] [16] [17] [18] [19] [20] [21] respectively; p=0.72). Congophilia was present in pregnant women with chronic kidney disease (Congo red retention 32% ), being similar to values found in women with preeclampsia (p=0.22) and for women with chronic kidney disease and superimposed preeclampsia (Congo red retention 57% ; p=0.18).
Non-pregnant women with lupus nephritis had higher congophilia compared with non-pregnant female controls (Congo red retention 38 
Conclusion
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This study confirms that women with preeclampsia and chronic kidney disease without preeclampsia have elevated urine congophilia compared to healthy pregnant women. Nonpregnant women with lupus nephritis also have elevated urine congophilia compared with healthy controls. An elevated Congo Red retention may not be able to differentiate between these conditions and further research is required to explore the use of congophilia in clinical practice.
Introduction
Preeclampsia, a disease in pregnancy characterised by the development of hypertension and multi-organ manifestations including proteinuria, is a leading cause of maternal mortality, accounting for 17-24% of all maternal deaths in low income settings. 1 Current theories suggest that preeclampsia arises from impaired placentation (trophoblast invasion of the maternal uterine spiral arteries), which in turn leads to placental hypoxia and ischaemia, and stimulation of sustained endoplasmic reticulum and oxidative stress. [2] [3] [4] [5] It has been proposed that this pathophysiological cascade generates the characteristic systemic symptoms of the maternal disease. 6 Endoplasmic reticulum stress in the placenta, as in other cell types, leads to upregulation of the unfolded protein response pathway. [7] [8] [9] The unfolded protein response is a common cellular defence mechanism that promotes removal of unfolded or misfolded proteins to prevent potentially toxic accumulation. Activation of placental unfolded protein response has been shown to occur in early onset preeclampsia but not in late onset preeclampsia or normotensive controls. 5 Congo red, initially developed as a textile dye, has been used most commonly to identify amyloid in tissue sections by demonstration of green birefringence under crossed polarisers, 10 including identification of amyloid beta deposits at post-mortem in brain tissue from patients with Alzheimer's disease. 11 As a result of these associations, the presence of Congo red staining itself is now thought to represent protein misfolding due to its propensity to detect proteins with amyloid-like characteristics. [12] [13] [14] M A N U S C R I P T
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Previous work demonstrated the presence of urine congophilia using the Congo red 'dot' test, and the authors proposed that it carries diagnostic and prognostic potential for preeclampsia. 15 This Congo red assay is now being investigated as an innovative mobile health solution in countries with limited resources, as a diagnostic and prognostic tool for preeclampsia. 16 The aim of this study was to determine whether urine congophilia is present in a cohort of women with preeclampsia and in pregnant and non-pregnant women with renal disease
Materials and Methods
We conducted a retrospective analysis of samples collected as part of a prospective study.
Samples were obtained from participants recruited to a multicentre preeclampsia, chronic hypertension, renal disease and SLE cohort. 20 A pragmatic approach was adopted and all samples available for analysis within the cohort were selected and analysed and all data presented. The groups examined are defined in Table 1 and consisted of healthy pregnant controls (n=31), pregnant women with preeclampsia (n=23), gestational hypertension (n=10), chronic hypertension (n=14), chronic kidney disease (CKD; n=28), CKD with superimposed preeclampsia (n=5) and those with chronic hypertension and superimposed preeclampsia (n=12). Exclusion criteria were <18 years old or >50 years old, an inability or unwillingness to
give informed consent, known HIV, Hepatitis B or C positive or a multi-fetal pregnancy.
Three additional groups of non-pregnant women were assessed for urinary congophilia, including healthy controls (n=10), women with systemic lupus erythematosus (SLE; n=25) and 
21,22
Midstream urine samples were collected into sterile containers, centrifuged at 1400g (10 min), and stored in multiple aliquots at -80°C within 3 h of collection. Total protein concentration was quantified using the Pierce Bicinchonic Acid (BCA) Assay Kit (Life Technologies) according to manufacturer's instructions, each sample being tested in triplicate. Standards were made according to manufacturers' instructions to cover a range of 20 -2000 µg/ml and also added in triplicate. Protein;creatinine ratio calculations were derived from total urinary protein quantified using the benzethonium chloride method (Roche Diagnostics) (intra-assay precision: 1-2%, inter-assay precision: 0.9-1.6%) and urinary creatinine concentrations measured with the enzymatic creatinine method (Roche Diagnostics) (urine: intra-assay coefficient of variation 0.8% and inter-assay coefficient of variation 2.1%; serum: intra-assay coefficient of variation 0.9%, and inter-assay coefficient of variation 1.1%).
Congo red retention (CRR) was calculated following the method described by Buhimschi et al. 15 The total protein concentration of each sample was standardised to 6.6mg/ml total protein, 
Results
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Baseline characteristics and outcomes for pregnant and non-pregnant study participants are described in Tables 2, 3 Non-pregnant women with lupus nephritis had significantly higher CRR values compared with healthy non-pregnant controls (CRR 38% vs. 9%; [7] [8] [9] [10] [11] ; p<0.001) and women with SLE without nephritis (13 [11] [12] [13] [14] [15] [16] [17] ; p=0.001; Figure 2) Protein:creatinine ratios were also assessed in 174 women (excluding healthy controls). A significant positive correlation was observed between congophilia and protein:creatinine ratios (Spearman rank correlations 0.702; 95% confidence interval: 0.618 to 0.770; p<0.001: Figure   3 ).
Discussion
This study has confirmed the previously reported presence of urinary congophilia, assessed by CRR, in women with preeclampsia but demonstrates that it is also evident in pregnant and non-pregnant women with other conditions associated with renal impairment. We have also reported a strong correlation between the magnitude of congophilia and protein:creatinine ratios.
Strengths of this study include accurate phenotyping of participants with urine samples collected under standardised conditions and processed consistently to determine CRR. Posthoc power calculations, demonstrated that this study had sufficient power to detect a mean difference of 20% Congo red retention between normal pregnant women and women with preeclampsia (90% power) or CKD (94% power), preeclamptic women and women with chronic kidney disease (79% power) and between non pregnant lupus nephritis cases and non-pregnant controls (89% power). There was inadequate power to detect differences in other subgroups. In our study the group examining women with preeclampsia included those with term and pre-term preeclampsia. Therefore, these results may not be generalizable to women with preterm preeclampsia (<34 weeks gestation). Additional studies on larger cohorts would allow examination of differences between sub groups.
Buhimschi et al reported elevated congophilia in women with superimposed preeclampsia, the values being similar to those observed in women with severe preeclampsia. Congophilia was observed in our study in women with CKD with and without superimposed preeclampsia. It is possible that congophilia identified in women with superimposed preeclampsia by Buhimschi
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included those with undiagnosed chronic kidney disease. Buhimschi et al also included women with pre-existing nephropathy (n=9) in their study, but this group was amalgamated with cases presenting with intrauterine growth restriction (n=20), liver and/or kidney failure of unknown aetiology (n=4) and anti-phospholipid syndrome (n=4). In this heterogeneous group 22% (8/37) had CRR levels above the 15% threshold used to define a "non-reassuring" value. The inclusion of a large number of normotensive participants with low proteinuria may have resulted in an underestimation of congophilia in women with renal disease, when merged within the heterogeneous group. Other limitations of our study include differences in baseline characteristics across groups including BMI, age, ethnicity and parity which may influence congophilia.
In keeping with our findings of a significant correlation between urinary congophilia and protein:creatinine ratio, Buhimschi et al demonstrated a significant correlation between 24 h urine collection and urinary congophilia. In our study, the association was examined across all study groups. Due to limited numbers, the relationship was not addressed between CRR and protein:creatinine ratios in individual study groups.
Placental endoplasmic reticulum stress is considered central to the pathophysiology of preeclampsia. Further research is required to determine the source of these misfolded proteins and to examine whether they are associated with ER stress as has been demonstrated in other pathology [7] [8] [9] The median gestational age at delivery was 38 weeks, indicating that the majority fell into the late-onset sub-type of the syndrome. Activation of unfolded protein response pathways is no different in placentas from such patients compared to normotensive M A N U S C R I P T
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age-matched controls, and the normal ultrastructural appearance of the endoplasmic reticulum indicates no accumulation of misfolded proteins in the syncytiotrophoblast. 5 In clinical practice particularly in low to middle income countries, chronic kidney disease is prevalent and is estimated to affect up to one in ten women of reproductive age, making confirmation of superimposed preeclampsia challenging. [23] [24] [25] [26] [27] • Systolic blood pressure <140mmHg
• Diastolic blood pressure <90mmHg
• No protein on dipstick analysis of midstream urine Congo red retention (%) 9 (7-11) 13 (11) (12) (13) (14) (15) (16) (17) 38 ( NP normal pregnant controls; n=31; PE preeclampsia; n=23; CKD chronic kidney disease; n=28; GH Gestational hypertension; n=10;
CHT chronic hypertension; n=14; CHT siPE chronic hypertension with superimposed preeclampsia; n=12; CKD siPE chronic kidney disease with superimposed preeclampsia; n=5.. Congophilia was increased in urine from women with preeclampsia (CRR 47% [22-68]) compared to healthy pregnant controls (CRR 16% [13] [14] [15] [16] [17] [18] [19] [20] [21] ; p=0.002), Congophilia also was present in pregnant women with CKD without superimposed preeclampsia (CRR 32% [14- Non-pregnant controls (n=10), non-pregnant women with systemic lupus erythematosus (SLE) without lupus nephritis (n=14), nonpregnant women with SLE with lupus nephritis (n=25). Non-pregnant women with lupus nephritis had significantly higher CRR values compared with healthy non-pregnant controls (CRR 38% vs. 9%; [7] [8] [9] [10] [11] ; p<0.001) and women with SLE without nephritis (13 [11] [12] [13] [14] [15] [16] [17] ; p=0.001) 
